Th e present work was performed to investigate the use of odorant measurements for prediction of odor concentration in facilities with growing-fi nishing pigs and to analyze the odorant composition in facilities with diff erent fl oor and ventilation systems. Air was sampled in Nalophan bags, odor concentrations were measured by dilution-to-threshold olfactometry, and concentrations of odorants were measured by proton-transfer-reaction mass spectrometry (PTR-MS). Olfactometry and chemical analyses were synchronized to take place at identical time intervals after sampling. A principal component analysis revealed that diff erent facilities for growing-fi nishing pigs can be distinguished based on the odorants. Pit ventilation comprising a small amount of the total ventilation air (10-20%) in facilities with both room and pit ventilation can be used to concentrate odorants, whereas the room ventilation contains lower concentrations of most odorants. A partial least squares regression model demonstrated that prediction of the odor concentration based on odorants measured by PTR-MS is feasible. Hydrogen sulfi de, methanethiol, trimethylamine, and 4-methylphenol were identifi ed as the compounds having the largest infl uence on the prediction of odor concentration, whereas carboxylic acids had no signifi cant infl uence. In conclusion, chemical measurement of odorants by PTR-MS is an alternative for expressing the odor concentration in facilities with growingfi nishing pigs that can be used to increase the understanding of odor from diff erent types of facilities and improve the development of odor reduction technologies.
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Prediction of Odor from Pig Production Based on Chemical Odorants
Michael J. Hansen,* Anders Peter S. Adamsen, Poul Pedersen, and Anders Feilberg E mission of odor from intensive pig production can be of great nuisance to people living in the vicinity of the production facilities, and there is an urgent need to develop odor reduction technologies that can minimize the emission. For any kind of odor reduction technology, it is important to have a reliable method for estimating its eff ect on odor. Odor is typically measured by olfactometry, by which the odor concentration is measured as dilution-to-threshold in an olfactometer with human panelists (CEN, 2003) . An odor measurement involves diff erent steps, including air sampling from the source in sample bags, transportation and storage for up to 30 h, and analysis in the olfactometer. It has been demonstrated that storage of odorous samples in sample bags (Hansen et al., 2011; Koziel et al., 2005; Mochalski et al., 2009 ) and the analysis in the olfactometer (Hansen et al., 2010) can decrease the concentration of odorants and consequently also the odor concentration. Furthermore, the variation associated with the use of human panelists can aff ect the results (Clanton et al., 1999) . It is therefore of great interest to defi ne a method with a higher certainty that can be used for estimating the odor concentration. A chemical measurement of odorants is an alternative to the dilutions-tothreshold approach, but this method also needs to be evaluated by comparison with the responses from human panelists. Several studies have investigated the relationship between the human response and odorants found in pig production. Hobbs et al. (1999) investigated the correlation between odor and the concentration of hydrogen sulfi de, carboxylic acids, phenols, and indoles in the headspace above stored slurry. Th ey did not fi nd any correlation between odor and odorants, although there was a correlation between the individual odorants. Blanes-Vidal et al. (2009) also studied the headspace above stored slurry and found a high correlation between the odor and gaseous sulfur compounds. However, in their study, slurry was bubbled with nitrogen to resemble slurry agitation, which resulted in very high concentrations of odor and odorants. In the study by Zahn et al. (2001) , nine odorants (carboxylic acids, phenols, and indoles) in a synthetic odorant mixture were used to develop a prediction model for odor intensity. Zahn et al. (2001) found a high correlation (R 2 = 0.80) between the measured and the predicted odor intensity at manure storage systems. Hobbs et al. (2001) developed a prediction model based on a synthetic odorant mixture containing ammonia, hydrogen sulfi de, acetic acid, and 4-methylphenol and also found a high correlation (R 2 = 0.76) between the measured and the predicted odor concentrations in the headspace above stored slurry. Th e high predictability in these studies indicates that measurements of odorants can be used to estimate the odor concentration or the odor intensity. However, a reliable prediction model should be based on samples from real pig production facilities to refl ect the variation in odorant composition, the interaction between odorants, and the eff ect of feeding and production conditions. In the study by Gralapp et al. (2001) , the odor concentration in facilities with fi nishing pigs was predicted based on the concentration of carboxylic acids, phenols, and indoles. In their study, a low correlation (R 2 < 0.3) was found between the measured and the predicted odor concentrations. In the discussed studies, regarding the odor-odorant relationship, a high-impact odorant such as methanethiol was not investigated. Methanethiol has a low odor threshold value (<0.1 nL L −1 ) (van Gemert, 2003) relative to the reported concentration level (1-20 nL L −1 ) in pig production (Feilberg et al., 2010b; Kim et al., 2007; Willig et al., 2004) , and it may have a substantial eff ect on the odor perceived by humans. Proton-transfer-reaction mass spectrometry (PTR-MS) is a measuring technique that has been demonstrated to provide specifi c and sensitive measurements of odorants found in pig production, including highly odorous sulfur compounds (Feilberg et al., 2010b) . In a study that used composting facilities, a high correlation was found between the measured odor concentration and the odor concentration predicted based on odorants measured by PTR-MS (Biasioli et al., 2004) . In the study by Biasioli et al. (2004) , a semi-fi eld method was used whereby odor and odorants were measured in the sample matrix of Nalophan bags. Th e same method was used for pig production facilities in our study. Th e objectives were (i) to analyze the odorant composition in facilities for growing-fi nishing pigs with diff erent fl oor and ventilation systems and (ii) to investigate whether the odor concentration in pig production facilities can be predicted based on odorants measured by PTR-MS.
Materials and Methods

Pig Production Facilities
Four experimental pig production facilities (Pig Research Centre, Danish Agriculture & Food Council, Grønhøj, Denmark) were used in the experiment. Each facility consisted of two pens with 16 growing-fi nishing pigs (32-107 kg) in each pen. Th e facilities were equipped with dry feeding and negative pressure ventilation with a diff use inlet through the ceiling. Th e ventilation outlet and the fl oor type diff ered between the four facilities. Facility A had partly slatted fl oor, with one third slatted fl oor and two thirds concrete fl oor and an outlet mounted in the room. Facility B had two thirds slatted fl oor and one third drained fl oor (slatted fl oor with less than 10% openings) and an outlet mounted in the room. Facility C and D both had two thirds slatted fl oor and one third drained fl oor, one ventilation outlet mounted in the room, and one ventilation outlet mounted in the pit. In facilities C and D, the pit ventilation was placed in the fouling and resting area of the pens, respectively. In facilities C and D, 10 or 20% of the maximum ventilation rate (3200 m 3 h −1 ) was ventilated through the pit ventilation, and the rest was ventilated through the outlet mounted in the room. Th e setting of the pit ventilation in facilities C and D was changed each week such that the pit ventilation rate was set at 10% during half of the experimental period and at 20% of the maximum ventilation rate during the other half of the experimental period. Th e eff ect of the settings and the design of the pit ventilation on odor and ammonia have been described in detail in Pedersen and Jensen (2010) .
Air Sampling
In each ventilation outlet, two separate Tefl on tubes (DuPont, Buff alo, NY) of approximately 2.5 m were used to collect two air samples at the same time. Th e samples were collected in new 30-L Nalophan bags (Nalophan NA 0.20 μm; OLFAtec GmbH, Kiel, Germany). Sample air was sucked into the Nalophan bags by applying negative pressure around the bags in a vacuum container. Preconditioning of the bag inner surface was done by fi lling the bags with sample air and emptying the bags once. Th e fi nal fi lling of the Nalophan bags was performed in approximately 30 min. Th e air samples were collected over a period of 6 wk in the middle of the production cycle. Once a week, two pairs of samples were collected from each of the six ventilation outlets in the four facilities (facilities A and B had one outlet, and facilities C and D had two outlets) between 1100 and 1400 h. In total, 72 pairs of air samples were collected. One half of the samples was analyzed at the Danish Meat Research Institute (Roskilde, Denmark) for odor concentration by dynamic olfactometry approximately 24 h after sampling. Th e other half of the samples was analyzed at Aarhus University (Foulum, Denmark) for odorants by PTR-MS approximately 4 and 24 h after sampling. Th e measurements by olfactometry and PTR-MS 24 h after sampling were synchronized.
Analytical Methods
Th e air samples for dynamic olfactometry were analyzed according to the European standard for olfactometry (CEN, 2003) . Th e olfactometer (Olfactometer TO8; Ecoma GmbH, Kiel, Germany) was designed for four panelists and based on the yes/no method for dilution-to-threshold. In the yes/no method, panelists assess if they can detect the sample or not at each dilution step.
A PTR-MS (Ionicon Analytik, Innsbruck, Austria) was used for analyzing the concentration of odorants in the Nalophan bags. Th e PTR-MS is based on chemical ionization of compounds by protonated water (H 3 O + ) in a drift tube and subsequent detection of ionized compounds in a quadropole mass spectrometer. Because H 3 O + is used for protonization, only compounds with a proton affi nity higher than water (691 kJ mol −1 ) can be measured. Th e PTR-MS was operated under standard ion drift tube conditions applying a total voltage of 600 V and maintaining the pressure in the range of 2.1 to 2.2 mbar (E/N value 135 Td). Th e temperature of the drift tube was controlled at 60°C, and the inlet sampling fl ow was adjusted to approximately 70 mL min −1 . Th e measurements were performed as single ion monitoring of 21 ions between m/z 35 and 132, with each ion being detected for 500 ms during each cycle. A total of 30 cycles were measured during each measurement on the bags. Between the measurements of the bags, instrumental background was measured on room air purifi ed for hydrocarbon contaminants with a Supelpure HC fi lter (Supelco, Bellefonte, PA). Permeation tubes were used to calibrate the instrument for acetic acid, 3-methylphenol (as a surrogate for 4-methylphenol), methanethiol, and dimethyl sulfi de (VICI Metronics, Inc., Houston, TX). For compounds where a calibration standard was not available, the concentration was calculated using the rate constant for proton transfer, the estimated drift tube residence time, and the mass-specifi c transmission factor as described by de Gouw and Warneke (2007) . Th e rate constants were based on measurements on gas standards or were calculated with the method described by Su and Chesnavich (1982) . Th e mass-specifi c transmission factors were adjusted with a mixture of 14 aromatic compounds between m/z 79 and 181 (P/N 34423-PI; Restek, Bellefonte, PA). Th e measurement of hydrogen sulfi de (m/z 35) by PTR-MS is humidity dependent, and the concentration of hydrogen sulfi de was corrected according to the method described by Feilberg et al. (2010b) . Th e detection limits for the PTR-MS were calculated as three times the standard deviation on blank samples (Table 1) .
Data Analysis
Latentix 2.0 software (Latent5, Copenhagen, Denmark) was used for the data analysis. To achieve normal distributed data, the odor concentration was logarithmically transformed. Th e data were auto-scaled before the data analysis to reduce the eff ect of concentration diff erences. Th e odorant composition in diff erent types of facilities for growing-fi nishing pigs was analyzed using a principal component analysis (PCA). A partial least squares (PLS) regression model was used to predict the odor concentration based on the concentration of odorants measured by PTR-MS. A partial leave-one-out cross validation was used to validate the calibrated PLS model. In the partial leave-one-out cross validation, all samples are used once as a test sample to validate the model. A standardized residual plot was used to identify outlying samples at the 5% signifi cance level. Th e odor activity value in the Nalophan bags 4 and 24 h after sampling was estimated as the sum of the ratios between the measured odorant concentrations and the odor threshold values. Th e odor threshold values for 4-ethylphenol and dimethyl trisulfi de were based on the values reported by Devos et al. (1990) , whereas the values for the other odorants were estimated as the geometric mean of detection threshold values reported by van Gemert (2003) .
Results
Recovery of Odorants in Nalophan Bags
Th e recovery of carboxylic acids, phenols, and indoles was clearly aff ected by the storage in Nalophan bags (Table 1) . Th e measured concentrations of indole and 3-methylindole were below the detection limit in 19 and 26 out of the 72 samples after 4 h and in 50 and 58 out of the 72 samples after 24 h, respectively. Accordingly, indole and 3-methylindole were not included in the PCA or the PLS model. Th e compounds least Table 1 . Recovery of odorants measured by proton-transfer-reaction mass spectrometry in Nalophan bags sampled from facilities with growingfi nishing pigs (n = 72). aff ected by the storage in Nalophan bags were sulfur compounds and ketones. Th e odor concentration was measured after 24 h, and the measured odor concentrations ranged from 17 to 5800 OU E /m 3 . Th e odor activity value was estimated 4 and 24 h after sampling based on odor threshold values and the measured concentrations of odorants. Th ere was a high correlation (R 2 = 0.99) between the odor activity values after 4 and 24 h, but the slope for the regression curve was 0.89 (Fig. 1) . On average, the odor activity values decreased with 12 ± 7% during the 20 h of storage.
Odorants from Pig Production Facilities
A PCA was performed to analyze the odorant composition in diff erent types of facilities for growing-fi nishing pigs. Th e score plot and loadings plot for the fi rst two principal components explained 74% of the variation in the data ( Fig. 2 and 3 ). Principal components 3 and 4 increased the explanation to 82 and 87%, respectively. However, most of the variation was explained by the fi rst two principal components, and therefore only these are presented. Th e score plot in Fig. 2 shows that samples from sources with pit ventilation in the facilities with both room and pit ventilation (facilities C and D) were placed on the right side of the score plot, and samples from the room ventilation were placed to the left. Th e samples from the facility with a partly slatted fl oor (facility A) were also placed to the left in the score plot. Th e samples from the facility with two thirds slatted fl oor and one third drained fl oor (facility B) were placed approximately in the middle of the score plot. Th e loadings plot in Fig. 3 shows that the carboxylic acids (m/z 61, 75, 89, and 103) were placed apart from the other odorants and odor. Th is means that the carboxylic acids were negatively correlated to the other odorants and odor. A comparison of the score plot and loadings plot indicates that carboxylic acids were more associated with the room ventilation in facilities with both room and pit ventilation and the facility with a partly slatted fl oor. In general, the highest concentration of carboxylic acids was found in the room ventilation in facilities with both room and pit ventilation (Tables 2 and 3) . Although the slurry surface was smaller in the facility with a partly slatted fl oor, the concentration of carboxylic acids was higher or at the same level as in the facility with two thirds slatted fl oor and one third drained fl oor. For the other odorants and odor, the trend was opposite, with higher concentrations in the pit ventilation and in the facility with two thirds slatted fl oor and one third drained fl oor compared with the facility with a partly slatted fl oor.
Predicting Odor Concentration Based on Odorants
A PLS model was used to predict the odor concentration based on the concentration of odorants measured by PTR-MS. Th e initial PLS model included all observations to identify outliers using a standardized residual plot. Five samples characterized by a low odor concentration were identifi ed as residual outliers at the 5% signifi cance level and thus were not included in the fi nal PLS model. Figure 4 shows the measured odor concentration as a function of the predicted odor concentration for the fi nal PLS model. Based on the root mean square error for the cross validated model, it was estimated that the best PLS model was obtained with three PLS components (RMSECV = 0.28). Th e PLS model with three PLS components accounted for 55% of the variation in the odor concentration and for 82% of odorant concentration variation. Th e correlation coeffi cient (R 2 ) between measured and predicted odor concentration was 0.53, and the slope for the regression curve was 0.90. Th e regression coeffi cient for the individual odorants shows that carboxylic acids have regression coefficients very close to 0, which indicate that these compounds have limited infl uence on the prediction of odor concentration (Table 4) . Hydrogen sulfi de, methanethiol, acetone, trimethylamine, and 4-methylphenol are the odorants with the highest positive regression coeffi cients. Compounds such as 2,3-butandione and dimethyl trisulfi de seem to be negatively correlated with odor concentration.
Discussion
Recovery of Odorants in Nalophan Bags
Th e odorants measured in the present study were a mixture of sulfur compounds, carboxylic acids, ketones, phenols, indoles, and trimethylamine. Th e selection of compounds included in the study was based on typical odorants from similar pig production facilities (Feilberg et al., 2010b; Schiff man et al., 2001) . Compound assignment for the measured mass-to-charge ratio (m/z) is not presented here because it has been described in another study based on the same type of experimental pig production facilities (Feilberg et al., 2010b) . Single-ion monitoring was chosen to minimize temporal variation among the bags. Full-scan analysis (between m/z 30 and 140) would have required much longer measurement time (10-20 min per bag) to acquire an adequate number of cycles (10-20 cycles). Th is approach would have increased the temporal variation among bags. Full-scan analysis provides more information about the sample matrix and should be considered in future studies. Th e concentration of odorants measured 4 and 24 h after sampling was compared to evaluate the recovery of compounds in the Nalophan bags. Th e decrease in odorant concentration between 4 and 24 h paralleled other studies examining storage stability of odorants in sampling bags for olfactometry (Hansen et al., 2011; Koziel et al., 2005; Mochalski et al., 2009 ). Th us, the sample matrix analyzed after 24 h by PTR-MS and olfactometry did not accurately refl ect actual concentrations of odorants in the pig production facilities. Odor activity values were estimated based on reported odor threshold values (Devos et al., 1990; van Gemert, 2003) , which show large variations. Nevertheless, with careful selection of appropriate odorant threshold levels, the resulting odor activity values provide a measure to evaluate the development in the Nalophan bags for situations where samples are stored between 4 and 24 h. Th e odor activity values were only decreased to a small extent (12 ± 7%) because high-impact odorants such as hydrogen sulfi de and methanethiol were only decreased to a small extent during storage in Nalophan bags. It has previously been shown that the concentration of phenols and indoles (e.g., 3-methylphenol, indole, and 3-methylindole) are rapidly decreased during the fi rst hours of storage in Nalophan bags (Hansen et al., 2011) . Phenols and indoles are considered to be important odorants due to their relatively low odor threshold values. Odor activity values based on degraded bag samples likely underestimate the contribution from these compounds. Although the whole-air composition in sampling bags diff ered from that at the outlets of the pig production facilities (due to the losses during storage), the results should be comparable because the concentration of odorants and odor concentration were measured under the same conditions in the Nalophan bags. Th is approach has not been used before for samples from livestock production.
Odorants from Pig Production Facilities
Th e PCA clearly demonstrates that diff erent types of pig production facilities can be diff erentiated based on the odorants. In general, carboxylic acids were more associated with samples from the room ventilation in facilities with both room and pit ventilation and facilities with a small slurry surface. Samples from these types of outlets or facilities also had the lowest odor concentrations. Th ese results imply that sources other than slurry exist for carboxylic acids, but they also indicate that carboxylic acids are poorly correlated to odor. Other sources for carboxylic acids could be feces (Ziemer et al., 2009 ) excreted on the slats and the concrete fl oor and fl atus from the pigs. Results also show that odorants from pig production facilities can be concentrated in pit ventilation exhaust when a small amount (10-20%) of the maximum ventilation rate (100 m 3 h −1 pig −1 ) is ventilated through the pit. Odorants concentrated in a small amount of ventilation air have a large potential in relation to air cleaning for pig production facilities. Exhaust air treatment costs increase at high ventilation rates. Treating only pit ventilation air would decrease the cost signifi cantly. Although treatment of pit ventilation may off er interesting possibilities, it requires a high-effi ciency system. Biological air treatment can potentially decrease odor emission from pig production facilities (Melse and Ogink, 2005) , but the limiting factor seems to be the removal of the compounds with low water solubility, such as sulfur compounds (Feilberg et al., 2010a; Nielsen et al., 2009) . Th e challenges related to odor reduction technologies such as biological air treatment underscore the need for a convenient method for estimating odor concentration (emission rates) based on odorants. Such a method could provide more information than olfactometry and could promote the development of odor reduction technologies focusing on high-impact odorants, resulting in more cost-eff ective treatment strategies.
Predicting Odor Concentration Based on Odorants
Despite the variability in odor measurements and its measurement errors, the developed PLS model shows that it is possible to explain 55% of the variation in the odor concentration in facilities with growing-fi nishing pigs based on odorants measured by PTR-MS. Th is indicates that this is a feasible method that should be further developed with on-site measurements of odor and odorants to lower the variability in data and to improve the prediction model. Th e regression coeffi cients for the PLS model show that carboxylic acids have limited infl uence on the prediction of odor from pig production facilities, which is consistent with the results from Table 2 . Average concentrations of odorants measured by proton-transfer-reaction mass spectrometry and odor concentration in Nalophan bags (after 24 h of storage) sampled from facilities with 32 growing-fi nishing pigs in each (n = 6). The pit ventilation rate in facility C and D was fi xed to 10% of the maximum ventilation rate. Methanethiol 2.6 ± 1.5 6.1 ± 2.5 2.3 ± 0.7 13 ± 3.3 1.9 ± 0.9 12 ± 4.9 Acetone 9.6 ± 2.8 12 ± 4.3 7.4 ± 2.5 23 ± 10 6.7 ± 1.7 19 ± 6.8
Ventilation outlet
Facility †
Trimethylamine 2.0 ± 0.6 4.7 ± 1.9 1.8 ± 0.6 9.0 ± 5.0 2.5 ± 1.3 8.5 ± 5.0
Acetic acid 195 ± 191 138 ± 72 204 ± 78 52 ± 31 209 ± 51 40 ± 11
Dimethyl sulfi de 2.9 ± 0.9 4.8 ± 1.8 2.6 ± 0.6 8.1 ± 1.7 2.7 ± 0.6 7.2 ± 2.5 C 4 -carbonyls (e.g., 2-butanone) 2.0 ± 0.6 2.8 ± 0.5 2.2 ± 0.7 5.2 ± 1.9 2.3 ± 0.9 4.5 ± 1.8
Propanoic acid 44 ± 35 37 ± 18 57 ± 24 12 ± 9.9 60 ± 24 6.7 ± 4.2 2,3-butanedione 2.3 ± 0.8 2.4 ± 0.6 2.5 ± 0.4 3.3 ± 1.0 2.6 ± 0.6 3.1 ± 1.0
Butanoic acid 37 ± 28 39 ± 16 53 ± 23 15 ± 8.5 57 ± 20 11 ± 5.2
Phenol + dimethyl disulfi de 0.7 ± 0.3 0.6 ± 0.1 0.5 ± 0.2 1.0 ± 0.2 0.5 ± 0.08 0.8 ± 0.2 C 5 carboxylic acids 11 ± 11 12 ± 6.9 16 ± 7.9 3.8 ± 3.6 17 ± 6.7 2.1 ± 1.0 4-methylphenol 1.1 ± 0.4 1.7 ± 0.6 1.3 ± 0.4 2.1 ± 0. 
Hydrogen sulfi de 101 ± 95 198 ± 130 25 ± 24 529 ± 271 14 ± 4.7 810 ± 580 Methanethiol 4.8 ± 2.6 4.7 ± 2.0 1.0 ± 0.6 9.4 ± 2.8 1.1 ± 0.6 9.2 ± 4.0 Acetone 8.5 ± 2.7 12 ± 1.4 4.4 ± 1.9 17 ± 4.9 5.0 ± 1.2 16 ± 5.2 Trimethylamine 2.6 ± 1.1 4.6 ± 2.1 1.3 ± 0.5 5.8 ± 2.4 1.8 ± 0.7 6.4 ± 4.0
Acetic acid 227 ± 104 185 ± 41 121 ± 67 111 ± 105 160 ± 51 95 ± 62
Dimethyl sulfi de 3.9 ± 2.0 4.1 ± 1.3 1.8 ± 0.7 6.0 ± 2.7 2.3 ± 0.7 5.7 ± 1.7 C 4 -carbonyls (e.g., 2-butanone) 2.4 ± 0.7 2.9 ± 0.7 1.4 ± 0.7 4.5 ± 1.3 1.8 ± 0.4 4.6 ± 1.6
Propanoic acid 57 ± 25 51 ± 16 34 ± 22 36 ± 41 47 ± 18 31 ± 23 2,3-butanedione 2.9 ± 0.9 2.6 ± 0.6 1.8 ± 0.7 3.7 ± 0.8 2.2 ± 0.4 3.5 ± 1.1
Butanoic acid 40 ± 19 43 ± 14 27 ± 19 36 ± 32 39 ± 13 33 ± 19
Phenol + dimethyl disulfi de 1.0 ± 0.3 0.6 ± 0.1 0.5 ± 0.2 0.8 ± 0.1 0.4 ± 0.1 0.7 ± 0.1 C 5 carboxylic acids 13 ± 5.9 13 ± 4.5 7.8 ± 5.3 9.8 ± 11 11 ± 4.4 8.9 ± 6.3 4-methylphenol 1.1 ± 0. the PCA. Compounds such as hydrogen sulfi de, methanethiol, acetone, trimethylamine, and 4-methylphenol were found to have a large infl uence on the prediction of odor. Except for acetone, these compounds have low odor threshold values and are therefore considered to be high-impact odorants. Acetone has a high odor threshold value relative to the concentration level found in facilities for growing-fi nishing pigs and is therefore relatively insignifi cant with respect to perceived odor. Interpretation of odor prediction should include an evaluation of odor threshold values. It seems that sulfur compounds are important odorants that should be included in the prediction of odor from pig production facilities. It is noteworthy that methanethiol, which is assessed to be an important odorant by the odor activity value and by its impact on the prediction model, has not been considered in previous studies of odor-odorant relationships (Blanes-Vidal et al., 2009; Gralapp et al., 2001; Hobbs et al., 1999; Hobbs et al., 2001; Zahn et al., 2001 ). Indole and 3-methylindole were not included in the prediction of odor in the present study due to the low recovery in the Nalophan bags, and it was therefore not possible to reveal the signifi cance of these compounds. Although indole and 3-methylindole are normally found in low concentrations in pig production facilities (Feilberg et al., 2010b) , they also have low odor threshold values and are signifi cant odorants. Studies have reported that compounds present at subthreshold values can become perceptible through an additive eff ect (Laska and Hudson, 1991; Patterson et al., 1993) . Th us, when odor is predicted based on odorant concentrations, subthreshold analytical detection is necessary.
In conclusion, chemical measurement of odorants by PTR-MS appears to be an alternative for expressing the odor concentration in facilities for growing-fi nishing pigs. More research is needed to study direct on-site measurements of odor and chemical measurements by PTR-MS in pig production facilities. On-site measurements will provide a method whereby the low recovery of some compounds in sampling bags can be avoided and the applicability of PTR-MS for predicting odor can be investigated based on the conditions in pig production facilities. Th e PTR-MS approach holds promise for advancing the understanding of odor emissions from pig production facilities and the development of improved odor reduction technologies. 
